T otal knee arthroplasty and total hip arthroplasty are two of the most common surgical procedures performed in the United States and among the greatest surgical expenditures in patients with Medicare 1 . The utilization of total knee arthroplasty and total hip arthroplasty has increased with >700,000 annual cases of total knee arthroplasty and >300,000 annual cases of total hip arthroplasty 2 . An aging population, the growing obesity epidemic, and expanded indications have contributed to the increase 3, 4 .
As costs associated with the operative procedure, inpatient care, rehabilitation, and postoperative care have increased, physician reimbursement has decreased 5 . With reimbursement rates unlikely to rise, the financial feasibility of total knee arthroplasty and total hip arthroplasty has focused on cost containment by ensuring efficiency and minimizing complications.
Reducing length of stay is a common focus for hospitals seeking to contain costs. The mean length of stay for total knee arthroplasty and total hip arthroplasty has decreased over the past 2 decades as pain management protocols, implants, anesthesia procedures, and surgical techniques have improved [6] [7] [8] [9] . In 1987, the mean length of stay for total knee arthroplasty and total hip arthroplasty was 3 weeks 10 , dropping to 5 days by the 2000s 9 . We sought to examine trends in mean hospital costs for total knee arthroplasty and total hip arthroplasty from 2002 to 2013. We hypothesized that the reduced length of stay attenuated mean hospital cost trends, suggesting that this was a beneficial strategy to slow the pace of increase in costs for these two common procedures.
Materials and Methods

Data Sources
W e examined the Agency for Healthcare Research and Quality (AHRQ) National (Nationwide) Inpatient Sample (NIS), a component of the Healthcare Cost and Utilization Project (HCUP). The NIS is a discharge database providing uniformly coded patient demographic characteristics; diagnosis and procedure codes from the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM); discharge disposition; and hospital charges. Hospitals included in the NIS derive from a sample of the American Hospital Association's Annual Survey 11 . Design and weighting variables, included with the NIS, ensure that the sample is nationally representative of discharges from U.S. community hospitals. We examined trends in procedure rates, length of stay, and hospital costs for inpatient total knee and hip replacements from 2002 through 2013. The starting year of 2002 was selected because it was the first year that the NIS included variables to identify elective admissions, which was our primary focus.
Supplemental data used for our analyses include HCUP's year and hospital-specific Cost-to-Charge Ratio (CCR) files to estimate hospital costs and the U.S. Bureau of Economic Analysis GDP (Gross Domestic Product) Implicit Price Deflator to adjust for inflation. An Implicit Price Deflator is a price index used to estimate the inflation and deflation of cost with respect to a specific base year, making prices less distorted over time.
Study Population
We identified adults ( ‡20 years of age) undergoing elective total knee or hip replacement for osteoarthritis from 2002 to 2013. We included only patients who had both a diagnosis code for osteoarthritis and a procedure code for total knee or hip replacement. Patients were identified using relevant ICD-9-CM diagnosis and procedure codes 12, 13 . We excluded admissions that included codes for total knee revision or removal (which implied previous total knee arthroplasty), repair of fracture, arthroscopy, excision of a joint structure, or arthrodesis (see Appendix). Patients who underwent total knee arthroplasty and had co-listed diagnoses of arthralgia, arthropathy, structural knee problems (e.g., meniscal tears), rheumatoid arthritis or polyarthropathies, osteonecrosis, and/or a septic joint were retained in the analysis. We were unable to identify patients undergoing bilateral procedures during the same admission from the NIS; staged bilateral replacements would have been included as two separate procedures.
Exclusions for the total hip arthroplasty cohort were diagnoses of osteoporosis, osteonecrosis, deformity, congenital or traumatic dislocation and fractures, and procedures of joint revision or removal, resurfacing, fracture repair, reduction of total hip arthroplasty, tenotomy, and partial hip replacement. From both cohorts, we also excluded patients with diagnosis codes for cancer or immunodeficiency diseases.
Calculating Costs
The NIS includes hospital charges to Medicare, Medicaid, commercial insurance, and self-paid sources, excluding professional and non-covered services. Admissions with hospital charges that were excessively high or low were recoded as missing (the NIS retains those between $25 and $1.0 million, inclusive, from 2002 to 2006, and between $100 and $1.5 million, inclusive, beginning in 2007). The NIS database is limited to total hospital charges, which reflect the amount billed to the payer for each admission. Hospital costs are distinct from hospital charges or reimbursements and are intended to reflect the actual dollars for providing a service. Hospital costs were estimated by multiplying the charges by HCUP's Group Average All-Payer Inpatient Cost-to-Charge (GAPICC) ratio, the inpatient costs incurred by the hospital divided by the inpatient charges for all payers as reported on Medicare cost reports. When the all-payer costs and charges are not known for a specific hospital, the GAPICC ratio calculates the mean CCR for a hospital based on similar hospitals within the same state or urban or rural location, and on the bed count for which the cost and charge values are reported 14 .
Descriptive Variables
Changes in patient characteristics and length of stay may explain some of the utilization and cost trends over time. HCUP includes variables for age, sex, race, income quartile, and primary payer. We recoded race and ethnicity variables into white, black, or other (which grouped Hispanic, Asian, Pacific Islander, Native American, and other ethnicities together, because of small numbers in some categories). Because some hospitals do not report patient race or ethnicity to the NIS, this variable was missing for a large proportion of cases and was not used in our regression analyses. The median income for the zip code where the patient lives was used as a proxy for socioeconomic status and was grouped into quartiles by HCUP. Income thresholds for this variable change in absolute values annually, and we reported this variable as it was coded by HCUP beginning in 2003. The patient's primary payer was grouped into Medicare, Medicaid, commercial insurance, and other. The latter category included selfpay and charity service as well as cases in which information on the payer was unavailable from the source hospital. We estimated comorbidity using the Quan version of the Charlson Comorbidity Index 15 . This index was entered into our analysis as a categorical variable grouped as 0, 1, or ‡2.
Statistical Analysis
We compared patient characteristics between 2002 and 2013 using chi-square comparisons for differences in proportions or t tests for the continuous age variable. The mean hospital costs were initially calculated using surveyweighted generalized linear regression models (gamma distribution, log-link function) including categorical variables for year, sex, and comorbidity, and continuous variables for age (centered at the mean) and length of stay. The model is robust in that it prevents skewed distributions and extreme outliers from being overly influential in estimating means. We Winsorized the length of stay at 7 days (equivalent to the 95th percentile) to prevent a small number of patients with extremely long lengths of stay from driving the mean results. Winsorizing is a statistical transformation to account for extreme values by setting values above the 95th percentile to the 95th percentile. A polynomial term for age was considered, but was not necessary in the final model. The insurance variable was excluded from the final model because it was collinear with age (people who are >65 years of age are primarily insured through Medicare). To estimate the effect of reduced length of stay on cost trends, we examined changes in the annual marginal costs between a model with a length of stay fixed at the 2002 mean and a model with length of stay as observed.
A waiver from human subjects review was obtained from the Committee for the Protection of Human Subjects at Dartmouth College, which designates the NIS as public data. All analyses were performed using Stata-MP, version 13.1 (StataCorp), with hypothesis testing at an alpha level set at 0.05. (Table I) show that patients who are white, those who are female, and those who are *The differences among groups in each category were significant at p < 0.001. †The values are given as the percentage of patients; these values were determined on the basis of the survey-weighted sample. ‡Income quartile was not available (NA) in 2002. ‡65 years of age and have Medicare encompass the majority of total knee arthroplasty and total hip arthroplasty admissions. However, the proportion of all total knee arthroplasties that were performed among younger patients (20 to 64 years of age) increased from 37% to 43% from 2002 to 2013 (p < 0.001), with a similar increase from 39% to 46% for total hip arthroplasty during the same time period (p < 0.001). Although the white population encompassed 84% to 89% of the inpatient sample, depending on the year, black groups increased by ;0.6% to 1.5% in both total knee arthroplasty and total hip arthroplasty. We found a substantial decrease in the length of stay. From 2002 to 2013, the mean hospital stay decreased from 4.06 to 2.97 days for total knee arthroplasty and from 4.06 to 2.75 days for total hip arthroplasty (see Appendix). Hospital stays of ‡5 days for total knee arthroplasty reduced from 24.7% in 2002 to 6.1% in 2013, and those for total hip arthroplasty reduced from 24.5% in 2002 to 4.9% in 2013 (Table I) .
Results
Cohorts
Hospital Costs
Using 2002 as a reference year, we calculated the additional mean hospital costs for each year up to 2013 (i.e., the marginal effect for each year), holding all other variables in the model at their respective annual means. As shown in Figure 1 Hospital cost increases were attenuated by the reduction in length of stay over time. When we control for length of stay (that is, removed the effect of length of stay reductions on costs by holding it constant), the marginal costs for the year indicator variables increase, as shown by the differences between the model with length of stay as observed and the model with no length of stay reduction. If the length of stay was set at the 2002 mean (4.06 days) and was not reduced, we estimated that the mean hospital cost for total knee arthroplasty would have increased from $14,988 (95% CI, $14,928 to $15,049) in 2002 to $25,593 (95% CI, $25,466 to $25,720) in 2013 (an increase of $10,605 or 70.8%) (Fig. 1) . Similarly, the cost of total hip arthroplasty would have increased from $15,792 (95% CI, $15,706 to $15,878) in 2002 to $26,442 (95% CI, $26,178 to $26,707) in 2013 (an overall increase of $10,650 or 67.4%) (Fig. 1) . These findings suggest that the health-care costs for both total knee arthroplasty and total hip arthroplasty would be increasing at a greater pace in the absence of reduced length of stay. Taking into account demographic factors such as age, race, and insurance as variables did not substantially impact the increased cost trends compared with changes in the length of stay.
Discussion
F rom 2002 to 2013, the mean hospital cost of total knee arthroplasty and total hip arthroplasty in the United States increased by $7,849 or 52.4% for total knee arthroplasty and $7,858 or 49.8% for total hip arthroplasty. The total hospital cost for joint replacement for osteoarthritis nearly tripled during this 12-year period, amounting to $12.0 billion for total knee arthroplasty and $6.0 billion for total hip arthroplasty in 2013. Reducing the length of stay appeared to be one successful approach to slowing the pace of increase in mean hospital costs for joint arthroplasty. In the absence of a reduced length of stay, the 2013 mean inpatient hospital costs would have increased by 18.5% for total knee arthroplasty and 17.6% for total hip arthroplasty, which is considerable given the large volume and progressive use of joint arthroplasty. Interestingly, increasing trends in mean hospital costs stabilized from 2009 to 2011, with a relatively sharper increase in cost in 2012 (Fig. 1) , which may have been partly influenced by a methodological change in the NIS sampling strategy 14 . The growth in hospital cost can be attributed to many causes, including rising total joint arthroplasty utilization due to expanding indications, an aging population, increased patient obesity, and elevated prices of orthopaedic implants. The list prices for implants, the recommended retail prices that are distinct from wholesale costs, have increased 4.8% to 5.5% annually for primary uncomplicated hip and knee devices. The mean implant price is comparable with total Medicare reimbursement for service rendered ($12,000 for primary uncomplicated total knee arthroplasty and $14,000 for primary uncomplicated total hip arthroplasty) 5 . Although not directly derived from our data, the 4.8% to 5.5% annual increase in implant list price could theoretically account for a 48% to 55% increase in the hospital charges over the course of a decade, which is similar to the mean hospital cost increase that we saw for total joint arthroplasty from 2002 to 2013.
Much of the hospital cost for total knee arthroplasty and total hip arthroplasty comprised the length of stay, which declined from a mean of 3 weeks 10 to 3 to 5 days 8, 9 in the past 2 decades. This decrease in length of stay was reflected in our data and was consistent with the February 2015 Centers for Disease Control and Prevention (CDC) National Center for Health Statistics (NCHS) report 16 . Shorter hospital stays and lower costs have been associated with the greater adoption of clinical pathways that seek to align patient treatment goals with optimal care 6, 17 . Similarly, preoperative patient education programs that encourage patients to take an active role in treatment and rehabilitation and aggressive postoperative mobilization goals significantly reduce the mean length of stay 7 . Advancing techniques for pain control and anesthesia, such as increased use of peripheral nerve or surgical site blocks, have led to improved postoperative pain control, decreased mental status alteration, and lower rates of nausea and vomiting 8, 9 . These improvements result in earlier mobilization of patients, which decreases the time to safe discharge by meeting rehabilitation and safety goals at an expedited pace.
The reported effects of reduced length of stay on outcomes have been mixed. Although several studies have shown no difference in the rate of complications after a short stay after total knee arthroplasty compared with those after a longer stay after the procedure 18, 19 , others found decreased pain and stiffness in early discharge groups, along with a higher risk of revisions from increased dislocations, infections, and implant loosening 20 . To determine whether reducing length of stay is safe, it is necessary to examine complications, readmissions, and quality metrics during post-acute care and to consider each hospital admission as a part of an episode of care. The NIS data do not enable us to examine postoperative care or readmissions.
Most recently, the Centers for Medicare & Medicaid Services (CMS) have implemented the Comprehensive Care for Joint Replacement Program (CJR), which involves bundled payments and quality measures. Annually, CMS will compare the actual total cost of care for all episodes provided at a hospital with a predetermined episode target price. The target price is a combination of the hospital's regional and historical episodic spending discounted by 2% to 3%. Hospitals above the target price will be required to pay the difference 21 . The CJR may lead hospitals to change how they deliver joint replacement services and to possibly alter the costs of joint arthroplasty.
There were several limitations to this study. We reported only hospital cost trends during an initial inpatient admission; we did not show 90-day episode-of-care costs, which include post-acute services, professional fees, complications, and readmissions. We did not explore the regional variability of cost. Additionally, we inferred that length of stay was shortening because of the higher quality of the procedure, decreased risk of complications, improved clinical efficiency, adjusted patient expectations, and improved anesthesia, but we could not account for those specific factors in our data. This study also utilized ICD-9-CM coding to identify total joint arthroplasties and their associated costs, which may misclassify procedures such as unicompartmental knee arthroplasty compared with total knee arthroplasty. Although, to our knowledge, there have been only a few studies examining the validity of ICD-9-CM codes for accurately identifying joint replacement [22] [23] [24] , the general consensus is that administrative codes accurately identify knee and hip arthroplasty. Finally, the analysis of databases containing large samples can increase the possibility of a type-I error, falsely concluding that there is an important association where none exists. A statistical test with a large sample is likely to produce a lower p value, showing significance but not necessarily clinical importance.
Although we included same-day joint replacement procedures performed within the hospital setting, we did not include joint replacements performed in an outpatient or ambulatory setting because our data derived from an inpatient database. Other research has shown that same-day surgical procedures for total knee arthroplasty and total hip arthroplasty may result in safe and cost-effective care for appropriately selected patients, such as those undergoing primary uncomplicated total knee arthroplasty or total hip arthroplasty with limited comorbidities. In one study of patients with short-stay total knee arthroplasty, outpatient groups had costs that were $8,527 lower than those of the 3 to 4-day stay group 20 . Same-day joint replacements may show a decrease in costs and complications in appropriate patients under a clinical pathway program.
Joint arthroplasty is a major cost driver in U.S. health care, leading policymakers to pursue aggressive cost containment. Our study suggests that hospital cost trends for joint replacement from 2002 to 2013 increased, but were attenuated by concurrent trends in reduced hospital length of stay. It might be troublesome to see cost trends continuing to increase despite the substantial reduction in length of stay from 2002 to 2013, particularly because additional reductions in length of stay may have diminishing returns. Continued efforts to reduce episodeof-care costs, particularly in the context of bundled payment reimbursements, might be sought through implant standardization, utilization of outpatient arthroplasties, improved risk identification, and coordination with post-acute care facilities.
